An important theme both interviewees reiterated is that they're certainly not interested in software for software's sake. Rather, they're constructing large, sophisticated, fi nely grained scientifi c tools-which happen to require software. As useful as the software and software engineering practice is, neither can be allowed to, in Robert's words, "get in the way of the science."
ONE OF THE attractions of the software engineering profession to me has always been the opportunities it offers to work with specialists in a wide variety of domains. This issue of IEEE Software focuses on a unique and particularly interesting domain: software built to support climate studies. This fi eld requires the collaboration of experts across many different areas of study and whose results bear on matters of direct importance to all of us. Here in the US, the fi eld of climate studies seems unable to stay out of the news for very long, especially in a political season such as this one. As just one example, see the recent discussion in The Washington Post regarding presidential candidates and their stands on climate change. 1 What is day-to-day life like for a developer of the climate modeling software that supports such important but controversial results? To fi nd out, I interviewed two professionals in the fi eld who have been thinking about what it means to develop and communicate about such results: Robert Jacob, a computational climate scientist in the Mathematics and Computer Science Division of Argonne National Laboratory, and Gavin Schmidt, a climatologist and climate modeler at the NASA Goddard Institute for Space Studies. An important theme both interviewees reiterated is that they're certainly not interested in software for software's sake. Rather, they're constructing large, sophisticated, fi nely grained scientifi c tools-which happen to require software. As useful as the software and software engineering practice is, neither can be allowed to, in Robert's words, "get in the way of the science."
Yet these are still software projects-moreover, projects developing incredibly complicated code and requiring large, distributed teams. Even on massively parallel supercomputers, executing a climate simulation long enough to obtain a meaningful answer can take any length of time, from overnight (for testing the algorithms responsible for one or two key factors) to six months (for running experiments that predict global behavior). The development teams themselves can consist of dozens of developers, who might have some software background but typically have expertise in fl uid dynamics, atmospheric science, oceanography, and many other domains. In order
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to manage this complexity, the typical development team in this domain has adopted software engineering practices with concrete and short-term payoffsconfiguration management, regression testing, bug trackers, and so on-even though it may have been a late adopter.
Validating Model Results
Although our conversations were wideranging, I steered my interviewees toward the question of how the field assesses the quality and trustability of results coming out of the software models-in other words, how does anybody know that the software is working correctly? I've been particularly fascinated by this issue for some time. Unlike many other domains in which software is created, in climate studies, the correct answer or behavior is not known in advance; that's why we need the software in the first place. Our conversation focused on a number of ways the community validates climate code. Some of these are strategies that any developer should recognize, while others are uniquely fitted to this domain.
Testing the Code
Both Robert and Gavin emphasized that climate code is typically very well tested. Both mentioned that good testing practices, such as regression testing and tracking issues to completion, are typically adopted. Nightly builds and automated test suites catch a lot of inadvertent changes.
Divide-and-Conquer Strategies
At a high level, climate models tend to have four major components that model the atmosphere, the ocean, sea ice, and land. For purposes of validation, the components can be separated and their output judged independently by experts in the relevant domain. Each of these comparisons is a large undertaking that can occupy a research scientist for years. But, as Robert suggests, this approach represents a "step-by-step approach to building confidence in the pieces." Surprisingly (at least to me), Robert also emphasized that the "physics behind the algorithms is pretty basic, 19th-century stuff." Hence, validating the underlying components is feasible and an important step to assuring the larger model. However, scaling these pieces up and combining them across such complicated systems is not straightforward. As others have amply demonstrated across many domains, having confidence in software components can't automatically translate into having confidence in the model that composes them.
Comparing Model Outputs to Analytically Derived Answers
Robert described situations where a model's output can be validated not against the messy real world but in thought experiments where scientists can contrive conditions for which they do know the correct answer. A simple case might involve modeling atmospheric behavior on a simulated planet with no mountains. Scientists can get the right answer analytically and use that to sanity-check what the models come up with.
Benchmarking
There are international benchmarking efforts that can assess model predictions against known results-after all, we do know what's been happening to climate in the 20th century. Gavin noted, however, that these can be a double-edged sword: benchmarks can be useful, but too much reliance on them can run the risk of overfitting the data to one dataset. Or more generally, excessive reliance on benchmarks runs the risk of biasing models toward previous conditions that might change over time. Good models in this case need to have the fundamentals right so that they can make future predictions.
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Competition among Models
Multiple teams are working on independent climate models and trying to replicate the climate effects most accurately. Both Robert and Gavin emphasized that for an effect to be taken seriously, it should be reproducible across these different models, which are all in friendly competition. The fact that the models are developed by independent developers, using independent approaches, hopefully means that they will incorporate independent biases or other sources of software faults. The aim is to gain confi dence that the observed results are true-that they aren't the result of the biases and mistakes of a team or even a few teams. As Gavin and I discussed, this is actually an example where some of the conventional best practices in software engineering don't apply very well to this domain. Many software engineering teams invest in making basic functionality reusable so that other teams can make use of the development and validation work that's already been invested. In this domain, however, there are situations where having teams "reinvent the wheel" is preferable to encoding a set of bugs or biases in a particular component and thus replicating those problems across independent teams. Gavin also pointed out that disagreements among models are not necessarily a bad thing-the spread of model results can be a good proxy for measuring the uncertainty of scientists' understanding of the phenomenon.
Empirical Validation of Prediction Accuracy
The gold standard of model quality must be whether the predictions are accurate. Here, the fact that the models are continually looking into the future should not blind us to the fact that versions of these same models
IEEE SOFTWARE IN CONFERENCE NEWS
IEEE Software is proud to have continued our association this year with several conferences.
SATURN 2011
First is the SATURN conference, led by the Software Engineering Institute. In addition to a number of exciting talks given by our board members, we used the opportunity to sponsor awards for presentations that are of high quality and have a clear and actionable message for practitioners-exactly the kind of work we're always looking for here at the magazine.
Our Best Presentation Award for "Architecture in Practice" went to Jeromy Carriere, chief architect at eBay. In his presentation, "Low Ceremony Architecture," Jeromy addressed the question of how an organization knows when to invest in architecture. As he described in his abstract, "Except at enormous cost, you can't code in quality (maintainability, scalability, reliability) at a later time, but investing too much in these quality properties at the wrong time in a given life cycle almost guarantees failure."
The Best Presentation Award in the category of "New Directions" was awarded to Walter Risi of Pragma Consulting. Walter's presentation on "Next-Generation Architects for a Harsh Business World" took a deep look at what factors in their background help architects jump into their job and become top performers. His work aimed to "provide elements for traditional architects and managers to recognize and develop these skills, thus increasing performance and the chance of a rewarding career."
One of the reasons that our affi liation with SATURN has been so effective is that the SATURN conference typically attracts many examples of practitioner-focused research. This year's conference was no exception, and we ended up with many more examples of good work than we could honor with two awards. We invited a number of SATURN presenters to extend their talks into full-length articles to be considered for the magazine. After the usual round of peer reviews, we were excited to have four articles that made the cut. These will appear in Linda Rising's Insights department over the next few issues, starting in this one. I know they will make for thought-provoking and practical reading.
Many thanks to Ipek Ozkaya, who spearheaded this cooperation, as well as to the other members of our award committee, Ayse Bener, Nanette Brown, Robert Glass, John Klein, Philippe Kruchten, Rob Nord, Linda Rising, Dave Thomas, and Rebecca Wirfs-Brock, for the hard work of reviewing the presentations and articles and making this partnership so successful.
Planning is underway for the SATURN 2012 Conference in Florida during 7-11 May 2012. Visit the SEI website (www.sei. cmu.edu) for more information.
AGILE 2011
Also this year, we've been active at the Agile 2011 Conference. IEEE Software sponsored two best paper awards, one for the Research Stage and one for the Insights Stage (which features experience reports). The prizes included recognition at Agile 2011, a one-year digital subscription, a certifi cate, and a
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have been applied in the recent past to make predictions for events that have already come to pass. Gavin pointed me to a number of model predictions that have since been validated. For example, when Mount Pinatubo erupted in 1991, simulations predicted global temperatures would drop by around 0.5 degrees Celsius over the following two years; this matched reality very well. Likewise, the predicted effects of greenhouse gas emissions have been good matches to model predictions going back to the 1980s.
However, Robert also pointed out that the gathering of empirical data both for feeding the models and comparing their outputs to reality isn't a trivial task. Gathering the data can require getting actual readings from across an area of several hundred square miles, which can be a daunting research task in its own right.
A Lesson for Us
This list of strategies is clearly not orthogonal, and makes no attempt to be complete. But it points nevertheless to a whole toolkit of approaches used to get some confidence in the correctness of the climate simulation code. I believe it's a worthwhile endeavor for those of us in other domains to consider how robust is the set of methods we're using to assess the correctness of our own code.
Better Communication
Both Robert and Gavin have been dealing lately with the question of how climate scientists can communicate better regarding their work, given that elements of the public (who would be directly affected by some of these results) remain skeptical about both the findings and the process that produced them.
There has been some experimentation already with teams making their chance to publish a peer-reviewed version of the paper in IEEE Software.
The IEEE Software Best Research Paper Award at Agile 2011 went to "Decision Making in Agile Development: A Focus Group Study of Decisions and Obstacles" by Meghann Drury, Kieran Conboy, and Ken Power (see Figure A) . The paper describes a focus group conducted at the Agile 2010 workshop with 43 agile developers and managers about what decisions were made at different points in the agile development iteration cycles. The paper addresses a significant challenge for software practitioners, and using a focus group as the research method is also a novel approach in studies of agile software development.
The winner for the Insights Stage was "Lean as a Scrum Troubleshooter" by Carsten Jakobsen and Tom Poppendieck. Our editorial board member Linda Rising reports that she was especially happy about this choice because she shepherded this paper. Linda describes "shepherding" as a special kind of review process where the reviewer is almost a coauthor who offers positive suggestions for improvement with the goal of helping the author(s) produce the best possible paper. The shepherd is "on the author's side" and works toward the goal of getting the work accepted. It represents a real partnership between the author(s) and shepherd, and getting it incorporated as part of the process for Agile 2011 Conference experience reports has been due to the efforts of Linda, Rebecca Wirfs-Brock, and other conference organizers. Initially, 64 proposals were submitted to the Insights Stage. From that group, 28 were selected for shepherding, and out of that group, 26 were selected for the conference program. Conference shepherds nominated eight candidates for the best experience report, then narrowed the list down to three; our award winner was voted on by the larger committee.
We're grateful to all those who participated on the award selection committee: Laurie Williams (chair), Nanette Brown, Torgeir Dingsøyr, Nils Brede Moe, Maurizio Morisio, Linda Rising, Helen Sharp, and Rebecca Wirfs-Brock. Gavin feels that what might need to be communicated are the basic scientific principles-for example, how models support the scientific process of reasoning-not how a particular piece of software handles a particular variable or distributes a particular algorithm over multiple processors.
Robert also pointed out that the reward structure in this domain is based on how many scientific papers get published. The software development aspect is just as important, but not as well recognized. So it will be interesting to observe what outcomes will result from ongoing efforts
• to make the code more visible; • to make the use of the code by independent scientists easier; and • to complete the feedback loop, so that code developers have more visibility themselves into when their code has been downloaded and when it's actually been used for something.
After all, the correctness of the code and the predictions it supports are of huge interest to all of us, whatever domain we're working in.
